1. Introduction {#sec1}
===============

Sleep is a naturally recurring state of rest characterized by partial or complete loss of consciousness, reduced metabolism, reduced or absent sensory and voluntary muscle activity and helps to conserve energy. Sleep is influenced by many factors including age, gender, food, physical and psychological health. Sleep disturbance affects the quality of life, health and daytime functions.

Very few studies on preoperative sleep disturbances have mentioned its effect on various postoperative components. Disrupted sleep the night before surgery seems to be more important than other sleep factors in increasing the severity of postoperative pain [@bib1]. It may also affect the quality of life postoperatively. Leung et al. found that those patients who developed delirium postoperatively had more preoperative sleep disturbances even when they slept at home [@bib2].

Sleep deprivation is considered a stress factor [@bib3] in the perioperative period leading to fatigue, physical discomfort and may also contribute to postoperative pain [@bib1]. There are several studies on sleep disturbance after surgery but very limited literature available on preoperative sleep pattern. Sleep disturbance in the preoperative period may be related to anxiety, pain, the magnitude of surgery and other environmental factors which are more common in the in-house patients than those who admitted on the day of surgery \[[@bib4], [@bib5]\]. In addition, possible surgery-related factors, which may affect sleep are the type of procedure (VATS vs. thoracotomy) [@bib6], duration of the procedure, the severity of disease (Cancer vs. benign) and associated pain.

Adequate preoperative sleep may help in improving the quality of life and patient\'s satisfaction at the same time. When evaluating preoperative sleep, it is very important to know the quality of sleep and the baseline sleep pattern of the individual patient. Sleep quality means the degree of excellence in sleep. Sleep quality has several components like sleep initiation, maintenance of sleep, depth of sleep, amount of sleep, dreams, condition after sleep and effect on daily life [@bib7].

There are various subjective and objective methods available for the assessment of Quality of sleep. Polysomnography and actigraphy are commonly used for objective sleep monitoring. While for subjective assessment, a questionnaire is commonly used to assess the sleeping habit of individuals. Pittsburgh Sleep Quality Index (PSQI) uses a questionnaire to answer the important questions like duration of sleep, sleep efficiency and sleep disturbance. PSQI has shown moderate sensitivity to complaints of subjective distress (i.e. surgery, perceived stress) [@bib8]. It has been validated in several populations and languages \[[@bib9], [@bib10]\].

The objective of our study was to assess the sleep pattern of thoracic surgery patients, a night before admission and compare it with the patient\'s baseline sleeping pattern.

2. Methods {#sec2}
==========

This prospective survey was conducted in the surgical wards of Aga Khan University on 83 adult thoracic surgery patients between the ages of 18--65 years. Aga Khan University ethical review committee approval was sought. Consent was taken from all thoracic surgery patients. All patients admitted for elective thoracic surgery were included. Strict exclusion criteria were used which included patients who are in severe pain, patients on daily sleeping pills, psychiatric illness patients, patients with sleep disorders including sleep apnoea, unable to complete questionnaire and patients from outside Karachi.

Patient\'s demographics were also recorded at the same time which included age, gender, diagnosis, ASA status and type of surgery including video-assisted thoracoscopic surgery (VATS) and thoracotomy. In addition, all participants were asked to fill out a written PSQI questionnaire. This questionnaire was translated in local Urdu language as well. A medical officer explained this form to the patient. This was filled out before premedication to these patients. PSQI was used for assessment of baseline (sleeping pattern in the last month) and then the same questions were asked about the previous night while sleeping at home in a familiar environment.

2.1. Statistical analysis {#sec2.1}
-------------------------

The sample size was calculated on the basis of the previous study, which revealed a pattern of relatively low nocturnal sleep efficiency (79.3%) before surgery, with a 9% margin of error [@bib11].

All statistical analysis performed using Statistical packages for Social Science version 19 (SPSS Inc., Chicago, IL). The sleeping pattern was assessed by the Pittsburgh Sleep Quality Index (PSQI) questionnaire. It has 7 components and 19 items. Each component is scored separately and weighted equally on a 0--3 scale. Scores range from 0 to 21 but in the present study daytime dysfunctions were excluded and the maximum score which patient can achieve was 18. Components of PSQI including subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbance, use of sleep medication and daytime dysfunction were analyzed individually and mean and standard deviation were computed for all component score. The qualitative observation was computed by frequency and percentage and quantitative measurement was estimated by the mean and standard deviation. Normality was checked by the Shapiro Wilks test. Normally distributed data analyzed by t-test and proportion with the chi-square test. P ≤ 0.05 was considered significant. Appropriate multivariate statistical techniques were depended on the pattern of PSQI score and independent variables.

Multivariate logistic regression was used to see the possible predictors of poor sleep. The variables included age, type of surgery (VATS vs. thoracotomy), the severity of disease (cancer vs. non-cancer) and time (baseline vs. last night). A p value of less than 0.05 was considered as significant.

3. Results {#sec3}
==========

83 patients consented to participate in the study. Initially, 90 patients were approached but seven excluded due to errors in data entry. The average age of the patients was 47.83 ± 17.88, out of which 44 (53%) were males and 39 (47%) females [Table 1](#tbl1){ref-type="table"}. Most common surgery was video-assisted thoracoscopic surgery 60 (72.2%) which includes VATS plus decortication and VATS plus biopsy. Thoracotomy was done in 23 (27.7%) patients. 31 (37.3%) patients operated for cancer while resting for non-cancer surgery.Table 1Demographic and surgery statistics (n = 83).Table 1VariablesPoint estimatesAge (years)47.83 ± 17.88 \[18--87\]GenderMale44 (53%)Female39 (47%)SurgeryThoracotomy11 (13.3%)VATS6 (7.2%)VATS + Thoracotomy2 (2.4%)VATS + Decortication34 (41%)VATS + Bx18 (21.7%)Others12 (14.5%)[^1]

Fifteen (18%) patients had no partner while rest of the patients had a partner either sleeping in adjacent room 10 (14.7%) or in the room on same bed 29 (42.6%) or separate bed 29 (42.6%).

When these patients were asked to rate their quality of sleep last night, none of these patient rate it as very good and 23 (27.7%) said that it was very bad. This change was significant when compared with the baseline sleep pattern [Table 2](#tbl2){ref-type="table"}.Table 2Assessment of sleep pattern of thoracic surgery patients \[n = 83\].Table 2VariablesDuring the past monthsLast night before one day of surgeryP-valueTotal time in bed (hours)6:58 ± 1:066:47 ± 1:170.286\*Total sleep time (hours)6:41 ± 1:076:20 ± 1:180.005\*Sleep latency (minutes)16.7 ± 20.927.7 ± 27.60.0005\***Subjective sleep quality \[C1\]**Very good13 (15.7%)0 (0%)0.0005†Fairly good47 (56.6%)47 (56.6%)Fairly bad18 (21.7%)13 (15.7%)Very bad5 (6%)23 (27.7%)**Sleep latency** \[C2\]No58 (69.9%)36 (43.4%)0.0005‡Yes25 (30.1%)47 (56.6%)**Sleep duration \[C3\]**\[n = 80\]\[n = 80\]0.0005‡\>7 hours15 (18.8%)6 (7.5%)6--7 hours62 (77.5%)54 (67.5%)≤5 hours3 (3.8%)20 (25%)**Sleep efficiency** (%) \[C4\]\[n = 79\]\[n = 79\]0.261‡\>85%76 (96.2%)74 (89.2%)75--84%1 (1.3%)3 (3.6%)65--74%2 (2.5%)2 (1.2%)\<65%00[^2][^3][^4][^5]

Overall mean PSQI scores ([Fig. 1](#fig1){ref-type="fig"}) were significantly higher (p-value \< 0.01) during the night before surgery (6.9 ± 2.1) when compared with baseline (3.8 ± 1.8).Fig. 1Comparison of PSQI between during the past month and last night. Note: Component 7 were not included in the comparison of median PSQI score because day time activity was not observed of patients for last night.Fig. 1

Sleep latency was determined by adding the response of two questions. These questions were, how long has it taken you to fall asleep and cannot get to sleep within 30 minutes. Sleep latency was also significantly affected when last night-1 (the night before admission) was compared with usual sleep latency. Thirty-four (41%) patients require more than 30 minutes at night-1 to fall asleep while on the bed and it was usual for only 11 patients. Twenty patients were unable to sleep more than 5 hrs night before admission which was significant when compared with their last month status (20 vs 3).

Sleep efficiency was determined by dividing the number of hours patient slept by the total hours he/she spent on the bed. Sleep efficiency and sleep disturbance were comparable in both groups. Mean PSQI of sleep disturbance was 0.88 for night-1 and 1.14 for a baseline. Interrupted sleep at night-1 was seen in 30 (36%) patients and the main reason for interruption was, use of washroom.

Logistic regression model demonstrated the age and timing of surgery as strong predictors of poor sleep (defined as PSQI ≥ 5). Gender, type of surgery and severity of disease (cancer vs. non-cancer) had no influence on the quality of sleep [Table 3](#tbl3){ref-type="table"}.Table 3Preditors of poor sleep (PSQI ≥ 5) by Logistic regresssion analysis.Table 3PredictorsP-valueOR95% CIAge (Years)0.0151.031.01--1.06Gender (Male vs. Female)0.7751.130.49--2.57Type of surgery (VATS vs. Thoracotomy)0.8961.070.39--2.88Nature of disease (Cancer vs. Non Cancer)0.4320.6810.26--1.77Time of evaluation (Last Night, past months)0.000529.3711.57--74.5

4. Discussion {#sec4}
=============

There is a paucity of literature on preoperative sleep pattern in surgical patients. This is the first study evaluating preoperative sleep pattern and quality of sleep in thoracic surgery patients. We used the Pittsburgh sleep quality index (PSQI), which is a self-reported questionnaire, commonly used to assess the quality of sleep and disturbances over a month period. Higher PSQI scores are associated with lower quality of sleep. PSQI of 5 or greater is considered as a poor quality of sleep [@bib12]. We compared last month sleep activity as a baseline with the last night sleep pattern while the patient was still sleeping at home in the same environment. Overall mean PSQI scores were significantly higher at night before surgery when compared with baseline. This study indicates that sleep is profoundly affected at night-1, mainly due to a significant change in sleep latency and sleep duration. Subjective sleep quality was also significantly altered at night-1. Another interesting finding was the lack of association between poor sleep and the type of surgery.

Boaz and colleagues [@bib13] also demonstrated that preoperative sleep is mainly disturbed at night before surgery when compared with the baseline (which was assessed six weeks earlier). Sleep quality scores were also significantly higher at night-1 than baseline in that study. They looked at the preoperative sleep pattern of gynecology patients at six weeks before, 2 days prior and night before surgery at home. Canadian task force classification II-2 was used to evaluate sleep parameters. Patients in that study had difficulty in falling asleep, waking up early and more incidents of nocturnal awakening. The present study also showed greater sleep latency and reduced sleep duration at night before surgery. Approximately 25% of patients slept for less than 5 hrs night before surgery, which was significantly different from the baseline of only 3%. Very few patients (7.5%) were able to sleep more than seven hours at night before surgery. It may be that patients had to wake up early morning to get ready for hospital admission and surgery. Quality of sleep was very poor on direct questioning as well. When asked to rate their quality of sleep 27.7% said that it was very bad last night, which was again quite significant when compared with baseline. Another study on cardiac surgery patients also mentioned high PSQI scores for three consecutive days preoperatively and even higher scores in the postoperative period [@bib14].

Sleep efficiency is probably the best method to evaluate the quality of sleep during last night than over a month period. It is probably less sensitive to measure sleep over a month period. Wright and colleagues also mentioned sleep efficiency to be greater than 85%, which is comparable to the present study. They mainly looked at the association between sleep efficiency night before surgery and postoperative pain control and found that patients with lowest sleep efficiency had 59% higher pain scores than patients in highest sleep efficiency, which remains for a week. Although, last night sleep efficiency was reduced (93.21 ± 6.438) in our study but it did not show any significant change from the baseline efficiency (95.650 ± 5.629). The reason may be that we did not consider awakenings or interrupted sleep at night, which also reduces total night sleep duration. Since this was a subjective survey and patients had difficulty in remembering the total interrupted time. Probably, it\'s better to keep a sleep diary for the whole month and then complete this questionnaire. Thirty patients in this study had interrupted sleep at night before surgery. Out of which 19 woke up to use the bathroom and rest for other reasons. Probably polysomnographic studies are more useful to look at the total sleep duration. Mean sleep efficiency was higher in this study than the study by Ull M and colleagues [@bib11], where efficiency was 79 ± 11.8 and sleep was more fragmented in their study compared to the normal population. In contrast to our study, this study was done in admitted patients where several factors influence sleep efficiency. Dolan and colleagues found that it is very difficult to sleep in surgical wards due to various reasons including bright light at night, more night time activity by staff, noises by patients and staff and performance of painful procedures like Foley\'s catheter and intravenous catheter insertion [@bib15]. We avoided this survey on patients who spent the night at the surgical ward so that the true picture of sleep pattern can be seen. Another study showed preoperative efficiency of 82.98 during 72 hrs preoperatively which reduced drastically during the first week of cardiac surgery [@bib14].

Sleep interruptions were also seen in the 1/3 of patients at night-1. Higher awakenings in the preoperative phase is also seen in other studies (Leung) leading to sleep disruptions. As expected the sleep interruptions after sleep were significantly more in the past month than last night as whole month\'s night activity was compared with only one-night activity and patients may have sleep disturbances due to one cause or other during previous thirty days. This is the reason why more patients woke up in the middle of the night than last night (33 vs 26). Probably it is not suitable to compare sleep disturbance of whole month activity with last night because only one sleep disturbance will be counted as a positive response. In previous studies, baseline sleep pattern was done six weeks [@bib13] earlier while the present survey was completed on the morning of surgery.

Sleep latency at last night was significantly increased in our study. Around 41% of patients had difficulty in falling asleep and it took them more than 30 minutes. This was significantly different from a baseline of 13.3%. Boaz et al. also mentioned increased latency night before when compared with baseline and two days prior to surgery. In contrast to our study, Leung and colleagues mentioned the latency of 6--24 minutes during 6 days (3 days prior and 3 days after surgery) in the perioperative period [@bib2].

Sleep disturbance is not only associated with cardiac diseases but also leads to poor outcome after cardiac surgery [@bib16]. These patients also adopt poorly after surgery leading to deterioration of sleep, had greater symptoms including pain and poor quality of life. Although, Lung cancer patients are already known for sleep disturbances perioperatively present study was unable to show the impact of the type of disease on quality of sleep [@bib17].

Poor sleep may be a marker of anxiety related to surgery and anesthesia outcomes. Anxiety is a common occurrence before surgery due to various reasons including fear of death, pain, financial reasons, disfigurement, and long recovery. Stress and anxiety both can interfere with sleep. Sleep disturbances can also lead to anxiety and depression. Sleep disturbance is extremely common in anxiety disorders like panic disorder. We were unable to find any study, which looked at surgery-related anxiety and its association with sleep disturbances. Some patients may have a primary sleep disorder and preoperative identification of these patients may help in postoperative sleep disturbances.

Sleep disturbance is commonly seen before surgery but there are limited studies on this topic and no guidelines to manage this condition. The present study confirms the presence of poor sleep quality at night before surgery even when the patient is sleeping in a familiar environment. Strategies are required to deal with this anticipated problem by using either sedatives or anti-anxiety medications at night before surgery. Further studies needed to look at the association of poor sleep quality with intraoperative anesthesia requirement and postoperative outcomes like satisfaction and pain control.

Declarations {#sec5}
============

Author contribution statement {#sec5.1}
-----------------------------

Hamid Mohammad: Conceived and designed the experiments; Wrote the paper.

Ahmed Saba: Analyzed and interpreted the data; Wrote the paper.

Akhtar Irfan: Performed the experiments.

Funding statement {#sec5.2}
-----------------

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

Competing interest statement {#sec5.3}
----------------------------

The authors declare no conflict of interest.

Additional information {#sec5.4}
----------------------

No additional information is available for this paper.

We acknowledge the contribution of Mr. Amir Raza, research coordinator Anaesthesiology for assistance in statistical part.

[^1]: Data are presented as mean ± standard deviation \[range\] and n (%).

[^2]: Results are presented as mean ± SD and n (%) and applied paired test as \* Wilcoxon.

[^3]: Signed Ranks Test, † Marginal Homogeneity Test; ‡ McNemar-Bowker Test.

[^4]: In case of missing information total patients is presented as \[parenthesis\].

[^5]: C = Component.
